On the basis of OCED Guideline 106, batch sorption studies were employed to reveal sorption of atrazine by amending biochar in tropical soils, namely, laterite, paddy soil and dry red soil. Biochar, a micro-porosity and great surface product, was generated by pyrolysis of manioc wastes at 750℃(BC750) and modified substances(MC750) were produced by loading Fe 3+ . The mechanism of sorption was examined by charactering BC750 and MC750. In this study, carbonization can improve aromaticity, specific surface and alkaline groups of biomass. The isotherms of atrazine in soil seemed closed to linear with partition, whereas the sorption of atrazine in biochar-added soil was a mainly pore-filling mechanism to exhibit nonlinearity. Temkin model was satisfactorily analyzed the sorption isotherm of atrazine by BC750/MC750 into soil with R 2 between 0.92~0.998. HI of all the sorbents were greater than 1, which indicated that the desorption rate was higher than the sorption rate. BC750/MC750 had a greater affinity for atrazine in soil than that of unamended soil. And the sorption capacity of unmodified biochar is slightly less than modified biochar, but the desorbed amounts of atrazine are less. Results indicated that biochars derived from agricultural wastes can play a crucial role in the removal of hydrophobic organic chemicals.
Introduction
Atrazine(AT), one of the most widely applied pesticide together with its degradation products have been detected commonly in soil, groundwater and surface water in recent decades [1] . Atrazine can be used as endocrine disrupting compounds (EDCs) and a possible cancerogen by EPA, which affects immune system, estrogenic hormone, reproduction and development [2] [3] [4] [5] [6] . Therefore, environment risks and adverse health effects of atrazine have been paid more attentions. Sorption is a major process to control the fate of hydrophobic organic contaminants (HOCs) in the environment. Recently the majority of studies have evaluated the removal efficiency of AT in soil and water body by adding different sorbents [1, [7] [8] [9] [10] [11] [12] .
Biochar is an available and porous substance through incomplete combustion of biomass under the oxygen-limited condition [13] . The precursors are ubiquitous, such as agricultural residues, forestry residues, municipal solid wastes and livestock manure. It is a friendly functional material with good environmental-ecological effects, which has recently become the focus in the environment science and soil science field. As a soil amendment, biochar can improve soil fertility, crop production and carbon sequestration [14] . In addition, a great potential are shown to remove contaminants from water, such as heavy metals and organic compounds [15, 16] . It also plays a crucial role in the global carbon cycle, sequestration and suppression of greenhouse gas emissions from environment [17, 18] . Recently several studies have been conducted to examine environmental fate of AT by adding biochars, and provide valuable information to understand environmental behavior of AT. But little information is available on sorption affinity of AT by adding biochar generated from manioc wastes in tropical soil. This paper aims to explore environmental behavior of AT on biochars produced from manioc wastes at high temperature.
Materials and Methods

Soils.
The soils (0-20 cm) used for sorption experiments were collected from 3 cities (Danzhou, Qiongzhong, Ledong) in Hainan province, China. Posthole diggers washed with demonized water between samples were also used. All of the soils were typical agricultural soils. The collected soils were air-dried slowly under sheets of paper at room temperature until water content reached about two-thirds of water-holding capacity. Then, the soil samples were sifted through a 60 mesh sieve for analyzing their chemical and physical properties, and a 1-mm sieve for sorption experiments. Characteristics of the soils which were determined according to the routine methods [19] are listed in Table 1 . Tropical soils are acidic and organic matters are lower, which is not conducive to crop growth. As a soil amendment, biochar can improve soil quality and crop yield, especially in tropical areas. Biochar production. Manioc wastes from tropical areas were collected from Danzhou city, Hainan province, China. The programmed temperature experiment was carried out. Manioc wastes were displaced in a muffle furnace with little or no oxygen condition at 750℃ for 3h, and cooled to room temperature. Modification was produced by loaded ion with 0.01 mol/L FeCl 3 (iron/carbon 0.02), and dried to constant weight at 75℃. Biochars were grounded through 60 mesh sieve and stored in hermetic bags. Reagent. Atrazine is analytical standard, which was obtained from Dr.Ehrenstorfer. Methanol is HPLC grade which was purchased from Sinopharm Chemical Reagent Co.Ltd. Calcium chloride and sodium azide were analytical grade. The total process used ultrapure water which was supplied by Spring-S60i+PALL system. Sorption-desorption experiments. The sorption-desorption experiments were preformed by using batch equilibrium technique. Preliminary experiment had shown that the apparent equilibrium was about 24h. Stock solution was prepared by dissolving atrazine in methanol. Aqueous solutions were produced by using stock and contained 0.01M CaCl 2 and 0.2 g/L NaN 3 to maintain a constant ionic 434 Selected Proceedings of the Eighth International Conference on Waste Management and Technology strength and inhibit microbial activities. The mixed substance between soil and biochars (1% biochars) was weighed and displaced in 50mL centrifuge tubes with 10mL AT. They were marked as CK, BC750 and MC750. The initial concentration was 0.5 mg/L, 1 mg/L, 5 mg/L, 10 mg/L and 20 mg/L. Sorption of atrazine to the centrifuge tubes was found to be negligible. After agitated in the dark at 200rpm, 25 ± 1℃ for 24h, and then centrifuged at 10000rpm for 5min, the solutions were filtered through 0.45um membrane with syringes. The process of desorption was that 10mL fresh background solutions without AT were adding into centrifuge tubes after the rest of supernatants were removed. Other procedures were the same with sorption experiment. The filtrates were used to analyze the sorption-desorption of AT on biochars by Water 2695 Separations Module with a 2487 UV detector. Separated column was a Gemini C18 analytical column (150 mm×4.0 mm ID, 5um). The temperature of analytical column was at 35℃. The mobile phase was consisted of methanol /water (70:30, v/v), the flow rate was 1.0mL/min, and all atrazine solutions were detected at 220 nm. The retention time for measuring atrazine was 4.8 min. Losses were demonstrated to be negligible and no interference was found during the analysis of solutions.
Results and Discussion
Biochar properties. Phy-chemical properties of biochar were exhibited in Table 2 . As can be clearly seen from the results, carbonization can increase alkalinity groups, and the pH value of BC750 was 9.55. Ash was also crucial to affect atrazine sorption-desorption behavior, the content of ash was 30.56%. As the carbonized temperature increased, ash of biochar was greater [20, 21] . Compared to the raw feedstock, pyrolysis slightly increased the content of C(62.38%) and N(1.23%) and decreased H/C(0.024) ration for BC750, suggesting that some of the amorphous has been transformed into aromatic carbon and polarity decreased with higher sorption capacity [22] . Scanning electron microscopy (SEM) was performed to investigate the relationship between the charring temperature and specific surface areas ( Fig.1 ). After biomass was pyrolysed, the number of micropore and specific surface areas increased. "-"presents "no detection". 
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Sorption-desorption isotherm. Sorption-desorption isotherms were used to elaborate the mechanism of AT in soils and biochars. In this paper, Henry (1), Langmuir (L) (2), Freundlich (F) (3) and Temkin models (4) were applied to simulate the sorption-desorption of AT. In order to further explain the process of sorption-desorption, Hysteretic Index (HI) (5) and Gibbs free energy (6) were estimated too. (1)
. max max 1 k
Where, k (L/kg) is the sorption coefficient, c e (mg/L) is the equilibrium solution of AT. c o (mg/L) is the initial concentration of AT. q max (mg/g) is the maximum uptake of adsorbent. k L and k F are the Langmuir (L) coefficients and the Freundlich (F) coefficients, respectively. A and B are coefficients. HI is the Desorption hysteresis coefficient. n/n F /n FD is the unitless Freundlich(F) exponent. k c is the distribution coefficient. R (J/mol.K) is the gas constant (8.314). T (K) is the absolute temperature. r is the removal rate.
The sorption isotherm of AT in biochar-added tropical soils were shown in Fig.2 . Biochar by pyrolysis at 750℃ contained crystalline carbon and was heterogeneity with carbonized and noncarbonized fractions, so the sorption isotherm was nonlinear (H) and a pore-filling mechanism was dominant. As to CK, partition was a main mechanism by charactering linearity (C). Previous studies have shown that AT on micro-porous and meso-porpous biochar are usually guided by specific interactions of H bonding and π-π electron [23, 24] . Specific interactions between AT and biochar were conducive to higher sorption affinity.
Sorption correlation coefficients of AT in amended-biochars soils were displaced in Table 3 . Henry, Langmuir (L), Freundlich (F) and Temkin models were used to examine the sorption isotherm of AT. From the results, four models were stimulated greatly the process of sorption for tropical soils without biochar except for dry red soil. However, as to BC750/MC750, Temkin model was used to study the isotherm of AT with R 2 more than 0.9 preferably.
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Selected Proceedings of the Eighth International Conference on Waste Management and Technology The desorption isotherm of AT was displayed in Table 4 . Henry, Langmuir (L) and Freundlich (F) were stimulated greatly the process of desorption in tropical soils. The conclusion was the same with sorption process of AT. Henry, Langmuir (L) and Temkin models were used to examine the desorption isotherm of AT by amending biochar. Hysteresis index (HI) of atrazine in the sorption-desorption process was shown in Table 5 . HI was higher than 1. A lag phase existed the sorption-desorption of AT, which indicated that desorption rate was more than sorption rate and the sorption-desorption process was irreversible. In addition, HI of adding biochar was larger than CK's. It was possible that sorption and desorption occurred in different environmental specific interactions between biochar and AT molecules which were stable and difficult to be destroyed. Sorption-desorption. Due to micro-porosity and great surface areas, biochar-added soils could increase sorption affinity of AT and change the phy-chemical properties of soil. Sorption of AT in amended-biochar soil were exhibited in Fig.3 . As can be clearly seen from the results, the affinity of AT was shown in order of laterite (0.0126 mg/g)>paddy soil (0.0101 mg/g)>dry red soil (0.0029 mg/g). The removal rate of AT in dry red soil was lower because of higher pH and smaller organic matters. Studies have revealed that lower pH and plentiful organic fractions are in flavorful of sorption capacity of HOCs [1, 17] . In addition, the affinity of loam is greater than sandy soil. When applied 1% biochar, the removal rates of AT by adding BC750/MC750 increased obviously for any soils, especially dry red soil with about 17.5 times. But the affinity of MC750 was slightly less than BC750. Biochar provided more sorption sites of AT. Modification by loaded ion changed the structure of biochar and ion decreased the specific surface areas through blocking pores [25, 26] . The effect of biochar for desorption process was displayed in Fig.4 . Adding biochar could diminish AT mitigate and leach into underground. For example, the desorbed amount of AT was followed in order of CK> BC750>MC750. The porous biochar was stable enough to make the desorbed AT release difficultly, and ion combined with AT in biochar by specific interactions increased affinity of AT in the modified biochar. 
Conclusions
In this study, biochar derived from manioc wastes was found to have a positive effect on atrazine in tropical soils. Batch sorption experiment showed that biochar at high temperature had a great affinity for atrazine. The sorption-desorption isotherm of atrazine in biochar-amended soil may be satisfactorily represented with Temkin model, and the process seems closed to nonlinear with mainly pore-filling mechanism due to heterogeneity of biochar and specific interactions, especially H-bonding and π-π electron. The sorption capacity of unmodified biochar is slightly less than modified biochar, but the desorbed amounts of atrazine are less. Modification changes the structure of biochar and blocks the sorption sites. Our data revealed that the mobility and bioavailability of atrazine in biochar-added soil were lower than that of unamended soil. Greatly aromaticity and micro-porosity of biochar contribute much to sorption affinity of atrazine pesticide. This research suggests that biochar soil amendment may be relatively great potential for removing atrazine pesticide residues from environment and preventing it leaching into groundwater and surface water.
